Tyrosine aminotransferase purified from epimastigotes of T~~unosorna cruzi displays an additional activity of alanine aminotransferase, absent in all other tyrosine aminotransferases characterized so far. Since the parasite's genome contains a high number of copies of the tyrosine aminotransferase gene, we could not rule out the possibility that two very similar proteins, with changed specificity due to a few amino acid substitutions, might be responsible for the two activities. We have now expressed in Escherichiu coli a recombinant tyrosine aminotransferase as a fusion protein with glutathione S-transferase. The purified fusion protein, intact or after thrombin cleavage, displays tyrosine aminotransferase and alanine aminotransferase activities with apparent K, values similar to those for the natural enzyme, thus proving that they belong to the same protein.
Introduction
Tyrosine aminotransferase (EC 2.6.1.5, TAT), the first enzyme involved in tyrosine catabolism, has been purified and partially characterized from epimastigotes of Tryp~n~~uma cruzi [ll. Despite the high sequence identity, 70% of the TAT from T. the enzyme from the parasite differs from mammalian TATS in several properties, for instance in its ability to transaminate the three aromatic amino acids, using as co-substrate either pyruvate, cu-oxoglutarate or oxaloacetate [ 1 I. The most remarkable property of the trypanosomal enzyme is its additional ability to transaminate L-alanine with a-oxoglutarate, thus acting as an alanine aminotransferase (ALAT) [l] . This ALAT activity is distinct from the major ALAT [2] . Therefore, we were not able to rule out the possibility that some of the genes might encode proteins bearing a few amino acid substitutions, resulting in changed specificities of very similar enzyme proteins, which would be very difficult to separate by conventional means. Here we present evidence, obtained with a recombinant T. cruzi TAT expressed as a fusion protein with glutathione S-transferase in Escherichia coli, that both the TAT and ALAT activities actually belong to the same enzyme protein.
Materials and methods

I. Construction of the recombinant plasmid
A complete TAT gene was obtained by cloning into pUC the EcoRI-BglI insert from clone FlA, carrying the 5' end of the gene, and the BglI-KpnI insert from clone IOOOH (cloned fragment of the G9 clone), carrying the 3' end of the gene [2] . Finally, the CZaI-KpnI insert was cloned into the KpnIblunt-end EcoRI sites of the plasmid pGEX-STUK, constructed by Per Hagblom and Ulrika Kagardt, from the Department of Medical Genetics, Biomedical Center, Uppsala, Sweden, by cloning a kinker (coding for five Gly residues and regenerating a BamHI site; [3] ) into the BarnHI site of pGEX-ST [4] ; this addition improves the efficiency of thrombin cleavage of the fusion protein. The construct was checked by restriction analysis and sequencing.
Production and purification of the recombinant enzyme
Transformed
E. coli DHSa were harvested by centrifugation and suspended in 25 mM phosphate buffer (pH 7.8) containing 120 mM KCl, 1 mM dithiothreitol, 2.5 mM cY-oxoglutarate, 0.2 mM pyridoxal phosphate, 1 mM phenyl methyl sulfonyl fluoride, 0.5 mM tosyl lysyl chloromethylketone, 5 PM leupeptin and 2 PM pepstatin A. The bacteria were then disrupted by sonication, three pulses, 30 s each, at maximum power in a Branson sonifier. The homogenate was centrifuged for 45 min at 20000 X g at 4°C. The fusion protein was purified by affinity chromatography on a glutathione-agarose column [5] , and when necessary cleaved with thrombin and rechromatographed in the same column.
Determination of enzyme acticities and protein
Assay of TAT and ALAT activities and determination of protein were as previously described [I] . Purified aromatic a-hydroxy acid dehydrogenase from T. cruzi [6] was used as coupled enzyme in the spectrophotometric TAT assay [I] , for the determination of kinetic constants.
Natice and SDS-PAGE and immunoblotting
SDS-PAGE [ 11 and native PAGE and staining for TAT activity [7] , were performed as described. Western blots were made by electrotransference of proteins after SDS-PAGE to nitrocellulose.
A polyclonal antiserum raised in rabbits against the purified T. cruzi TAT [l] was used, developing the blots with an goat anti-rabbit antibody coupled to alkaline phosphatase.
Results and discussion
The recombinant TAT was expressed at a high level as a fusion protein, but most of it went into inclusion bodies, as shown by the Western blot presented in Fig. 1A . All attempts to prevent or decrease the insolubilization of the protein by lowering culture temperature or using shorter induction times failed; the small amount of soluble fusion protein obtained, however, was enough for our present purpose, and it was purified by affinity chromatography on a glutathione-agarose column. Most of the TAT activity in the crude extract (about 80%) did not bind to the column, even after re-chromatography; this was due to the fact that this activity corresponded to the endogenous E. coli TAT-like enzymes, as shown by the following findings: (i) the run-through fractions had higher transaminase activity with the substrate pair tyrosine/cY-oxoglutarate than with the pair tyrosine/pyruvate, whereas the opposite was true for the glutathione-eluted fractions (not shown); the latter is the case for the T. cruzi TAT [l] . (ii) Native PAGE, followed by staining for transaminase activity, clearly showed that the activity bands in the run-through fractions had different electrophoretic mobilities as compared with the cleaved recombinant TAT (Fig. 2) . Moreover, when the substrate pair tyrosine/c-u-oxoglutarate was used to develop the activity gels, all enzyme bands were equally stained, whereas when the substrate pair tyrosine/pyruvate was used, only the T. cruzi enzyme, either natural or recombinant, was stained. Lane 3 in the gel in Fig. 2 was briefly stained afterwards with the substrate pair tyrosine/a-oxoglutarate, in order to show that the E. coli bands were actually present.
The fusion protein, which presented both TAT and ALAT activities despite the presence of the covalentiy linked glutathione S-transferase, was cleaved with thrombin [3] . The cleaved recombinant TAT was purified by a second affinity chromatography step, and was shown to differ from the natural enzyme in electrophoretic mobility, both under native (Fig. 2) and denaturing (Fig. IB, C) conditions. The slightly higher apparent molecular mass of the recombinant enzyme as compared with the natural one may be due to the fact that the kinker was introduced after the thrombin site, thus resulting in the addition of 17 amino acid residues (GSGGGG-GSEASNSIKRK) to the N-terminus of TAT, which would increase its apparent molecular mass by about 2 kDa (Fig. IB) . The lower electrophoretic mobility towards the anode of the recombinant TAT as compared with the natural enzyme (Fig. 2) would be due to the addition of two Lys and one Arg residues. Fig.  lB also shows the presence of a second protein band, bound by the affinity column and specifically eluted with glutathione, which does not correspond to the fusion protein, and is not recognized by the specific antiserum (Fig. 1C) . This must be some glutathionebinding protein, too big to correspond to an endogenous E. coli glutathione S-transferase.
Despite the presence of an N-terminal extension, the recombinant T. cruzi TAT presented apparent K, values for L-alanine in the ALAT reaction and for t_-tyrosine in the TAT reaction very similar to those shown by the natural enzyme. The apparent K, for L-alanine in the ALAT reaction was 6. I fi 0.7, 6.2 + 0.2 and 5.7 & 0.4 mM, for the fusion protein, the purified cleaved recombinant enzyme and the natural enzyme, respectively. The respective values for t_-tyrosine in the TAT reaction were 15.1 k 2.9, 6.4 * 0.9 and 7.1 & 0.5 mM. Apparent kinetic constants were determined with a computer program fitting the data to a hyperbola by applying the Gauss-Newton algorithm [8] .
The results presented in this communication clearly show that a purified recombinant T. cruzi TAT, expressed from a single gene in E. coli, displays both TAT and ALAT activities. This property, which distinguishes the parasite's enzyme from all other TATS described so far, is thus intrinsic to the enzyme protein and not the result of the simultaneous expression of very similar proteins with different transaminase specificity.
